JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. The paper describes the microclimate in a mesic habitat of Armadillidium vulgare, and a xeric habitat of Venezillo arizonicus, two isopods found in southern Arizona. Within a small area, a significant divergence in microclimatic conditions was found. The climate under cover was in general less extreme than the climate in exposed places. Thus, under a stone the microclimate was least variable. The main difference in microclimate of different sites within the habitat was in relative humidity. In general the temperature in the xeric habitat was higher than in the mesic habitat. Conditions on the ground in the mesic habitat permitted an isopod to move about without danger of desiccation; this was not possible in the xeric habitat.
INTRODUCTION
Most small desert animals, in order to survive, must possess behavior mechanisms which enable them to seek and remain in suitable microclimates, especially during the most unfavorable periods of the day. Such behavioral adaptations are reflected not only in the fact that the desert fauna is predominantly nocturnal but also that activity of diurnal animals is highly modified.
Desert microclimates have, been studied in relation to insects (Uvarov, 1931 (Uvarov, , 1957 Pradhan, 1957; Bodenheimer, 1958; Messenger, 1959; and Cloudsley-Thompson, 1962) , and in xeric habitats of isopods (Cloudsley-Thompson, 1956; Edney, 1958) .
The following is a study of microclimate in habitats of two isopods in southern Arizona: Armadillidium vulgare (Latr.), family Armadillidiidae, from a mesic habitat in the Chiricahua Mountains, and Venezillo arizonicus (Mulaik and Mulaik, 1942) , family Armadillidae, from a xeric environment in the Santa Rita Mountains. The finding of V. arizonicus in the Santa Rita Mountains adds a new locality for this rare species, the closest known locality being that of the paratype from Nogales, Arizona (Mulaik and Mulaik, 1942 ). The species was described under the name Cubaris arizonicus, and is later mentioned by Van Name (1942) as Cubaris arizonica. In his revision of the family Armadillidae, Arcangeli (1956) , calls it Venezillo arizonicus.
In this study the temperature and humidity during midsummer are described for various microhabitats at three stations in southern Arizona. The behavior and physiology of the isopods are described elsewhere (Warburg, 1965 The temperature was measured with thermistors and a Yellow Springs Instrument Co. Tele-Thermometer of ? 0.5 C accuracy. The probes were 4.7 mm in diameter and could be inserted into a small space. Relative humidity was measured with PCRC-11 lithium chloride elements manufactured by El-Tronics Inc. The size of these elements was 40 x 20 x 1.5 mm, and they could fit easily under stones, logs, etc.; they gave reliable readings at the temperatures studied. The electrical hygrometer had an accuracy of ?4-2% within the range 5-95% relative humidity. Both instruments and elements were checked and calibrated periodically; no appreciable deterioration occurred. Air humidity was also checked with a psychrometer of 0.5 F readability.
With these instruments a series of temperature and humidity readings was obtained every hour throughout the day and occasionally at night as well. The data for each hour of the day were averaged over the period of observation. The results are presented in the form of thermohygrograms (as discussed by Bodenheimer, 1958) .
RESULTS
General considerations.-Station 1. This station was located at the field station of the American Museum of Natural History, on the eastern side of the Chiricahua Mountains (Cochise Co.) in southern Arizona, at an elevation of 5400 ft. The area was in a zone where the chaparral plant association (or oak woodland) graded into the pinyonjuniper plant association. The station was, therefore, under a sparse cover of pine (Pinus latifolia, P. ayacahuite), juniper (Juniperus monosperma), and oak (Quercus reticulata, Q. emoryi, Q. gambeli). The faunal zone is the montane belt of the Apachian zone (Dice, 1943) , characterized by semidesert climates with annual precipitation around 360 mm. The most abundant isopod in this habitat was Armadillidium vulgare. In an area of 20 m2, a total of 954 specimens was found under cover of 75 stones and fallen logs during one morning. Animals inside the logs and under leaves were not counted. Other isopods found in that area include one specimen of Porcellio laevis, and two Porcellionides pruinosus, found under leaves.
Stations 2 and 3. These stations were located at the Santa Rita Experimental Range, in the Santa Rita Mountains, Pima Co., Arizona. At these two stations the only isopod found was Venezillo ari-
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ISOPOD HABITAT MICROCLIMATE 365 zonicus. Station 2 was at an elevation of 4300 ft, and station 3 at 3700 ft. The annual precipitation is around 360 mm at station 2, and 255 mm at station 3. The precipitation in general shows a cyclic pattern, rainy years followed by dry ones. Half the annual amount of precipitation falls during the summer months (July -September); the driest season is late spring and early summer (Smith, 1930) . The vegetation at stations 2 and 3 is of a "desert grassland" type or the "mesquite grass savanna." The type of vegetation consists of a "semidesert type" at elevations from 2900 -3500 ft, a "mesa type" at elevations from 3500 -4000 ft, consisting of shrubs and scattered perennials, and the "foothill type" at 4000 -5500 ft, consisting of oaks and mesquite. Station 2 is in the foothill zone, and station 3 in the mesa zone. The vegetation at station 2 consists of oak (Quercus emoryi), mesquite (Prosopis juliflora), and prickly pear (Opuntia engelmanni). The vegetation at station 3 consists of mesquite, cat-claw (Acacia gregei), Ocotillo (Fouquieria splendens), barrel cactus (Ferocactus lecontei), cholla cacti (Opuntia longispina, 0. spinosior, 0. versicolor, 0. fulgida), and prickly pear (see Nichol, 1952) . The soil is of a red desert type.
It was thus possible to study a continuous series from the mesic habitat of station 1 to the xeric habitat at station 3, with station 2 as an intermediate.
Observations were made at station 1 for 11 days (26 June, 1957 , to 6 July, 1957 . During that interval short periods of rain occurred on four days. Measurements of temperature and relative humidity were taken at the following microhabitats (the number of isopods was counted at the beginning):
1) under a large stone, 50 cm long, 30 cin wide and 30 cm high, where 47 A. vulgare were found when measurements started; 2) under a fallen log, 2 m by 15 cm in diameter, with 40 A. vulgare found underneath; 3) on the surface of the ground in a shaded area under some leaves; 4) air, 100 cm above the surface of the ground.
Measurements at station 2 were taken during a period of 13 days (from 10 July, 1957 , to 22 July, 1957 , and at station 3 for 11 days (from 23 July, 1957, to 2 August, 1957). The following are the microhabitats studied at station 2: 1) under a large stone 75 cm long by 45 cm wide by 25 cm high, with eight V. arizonicus underneath; 2) under a fallen log of approximately the same size as in station 1, with four specimens of V. arizonicus found there; 3) under a small stone with one pillbug; 4) on the ground at the base of a bush; and 5) air, 100 cm above the ground.
At station 3, the following microhabitats were studied: 1) under a large stone, 100 cm long by 55 cm wide and 20 cm high, partly buried in the ground, with 11 V. arizonicus; 2) under a small 366 THE AMERICAN MIDLANi) NATURALIST
73 (2) stone, 30 cm long by 20 cnm wide, and 10 cnm high, with four individuals; 3) air, 100 cm above ground. Specimens of V. arizonicus were also found under dry cattle dung at these two stations.
At station 3 there was no shade except from a small mesquite bush nearby. Isopods were never noticed moving on the ground at stations 2 and 3; even at night no isopod could be found outside, but this imay be due to the very small number of individuals at these stations.
The data obtained by measuring the temperature and relative humidity are presented in Figures 1, 2 and 3 . In the graphs, each point represents the mean temperature and mean relative humidity at one hour of the day, during the period of observations. It must be kept in mind while conmparing the data from the three stations (Table  1) , that they were obtained during continual periods of the same season.
Several temperature curves for various microhabitats are compared in Figures 5 and 6. All measurements of the ground temperature were done with shielded elements. Even within a small area the differences in temperature were great.
Microclimates.-The microhabitats of station 1 differed miainly with respect to relative humidity and the range between the maximum and minimum relative humidity, and little with respect to maximum temperature. The large stone was pressed firmly into the ground, in contrast with the log, which was separated from the ground by a layer of leaves; this may account for the marked differences in humidity. There were certain times, e.g., up to 1000, when the humidity was higher on the ground than under the log, and the isopods would have been in no danger of desiccation when walking outside. This is possibly because of condensation on the ground during the early morning. Isopods were found walking on the ground during most hours of the day and night, being most abundant between 0400 and 1000, and again between 1700 and 2300. Some isopods were occasionally seen also during the hotter hours of the day: 1100 to 1500. At those hours the maximum temperature under the log was 40 C, and on the ground 44 C. However, the minimum relative humidity on the ground (30%) was higher than that under the log (16%).
Therefore, the isopods found outside at that time were either changing their hiding places, or exploiting the more favorable conditions on ground.
To gain a better understanding of how A. vulgare survived on the surface of the ground, a series of field experiments was done. Several animals were confined in a dish on the ground in the open air at station 1. At a temperature range of 21.5 -35 C, and a relative humidity between 24 -40%, half the animals survived for 12 hours. At a temperature range of 24 -39 C, and relative humidity between 17 -37%, half the animals survived for 20 hours. At a temperature range between 21 -40.5 C, and a humidity of 100% on moist cotton, all animals survived for 24 hours, the limit of the exposure period. Moisture seems, therefore, to be an important factor for survival of A. vulgare at high temperatures. These animals died after 12 hours at moderate temperatures (20.5 C) when the relative humidity was low (40%), whereas they survived even 40.5 C on moist cotton for longer periods. But at 38 C and 19% relative humidity they survived only for short periods. The main cause of death appears to be loss of water or possibly asphyxiation (Warburg, 1965 
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From measurements at station 1, during midsumnmer, it is clear that A. vulgare is exposed to 40 C (maximum temperature under stone), and 30%o relative humidity (minimum on ground), and on occasions it is possibly exposed even to greater extremes.
At station 2 the microclimate of the stone was again most uniform, that of the log next most uniform (Fig. 2) . The climate on the ground, even under a bush, was rather extreme, with a high mean temperature and low humidity. Evidently surface ground temperatures are related to the radiation and conduction of heat, rather than to air temperatures directly. This is a crucial factor for the behavior and distribution of V. arizonicus at both stations 2 and 3. The microclimate on the ground at these two stations, in contrast to station I (Fig. 5) , was not intermediate between those under stone and log and those of air 100 cm above ground. Any excursion out from shelter during daytime would expose V. arizonicus to less favorable conditions, in contrast with circumstances for A. vulgare at station 1 (Figs. 5, 6).
At station 3 the humidity of the air was similar to that at station 2, but air temperatures were higher (Fig. 3) . As at the other stations. the microclimate under the large stone was both more moist and less variable than that of the air or that under a small stone. At this station an animal may have to survive temperatures of 45 C under a small stone, at least for short periods. They were certainly exposed there to temperatures of 36.5 C for longer periods during midsummer. Figures 5 and 6 a number of temperature curves are compared. The four curves giving the ground temperatures (Fig. 5) show the difference between wet (1) and dry (3) ground at station 1, on the one hand, and the difference in temperature between these two curves and ground temperatures at the xeric stations 2 (2), and 3 (5). At station 3 where ground temperatures were highest, a hole provides some protection (Fig. 5, curve No. 4).
In Figure 6 the temperature in hiding places at stations 2 and 3 is compared. Thus, the ground temperatures under a bush at station 2 were the lowest as compared with temperatures under small stones in either shade or sun. The temperature under small stones at station 2 was lower than under a similar stone at station 3.
In general the shelters are useful as long as they are not directly exposed to the sun, and the larger stones (or bushes) are more effective as heat shelters.
DISCUSSION
The microclimates of the three stations studied differed mainly in temperature, both mean temperatures and extremes. Temperatures were always higher at station 3 (see Table 1 ). The humidity conditions at the three stations did not differ greatly.
At station 1, the temperature was generally lower than at the other two stations, and there was a sparse cover of trees which was lacking at the other stations. However, some of the modifications of climate that are expected to occur under tree cover (namely increase in humidity and a smaller daily temperature range, see Geiger, 1958: 255) , were not found at station 1. The humidity was accordingly found to be lower and the temperature range larger. It might be that the trees were too sparse, or perhaps in an arid region a tree cover is not sufficient to produce long-lasting modifications of that sort.
The effect of tree cover may be mainly limited in time to the early hours of the im-orning (see Fig. 1, Air) . Conditions on the ground are mesic enough to enable A. vulgare to move freely outside its hiding place (see also Paris, 1963; Warburg, 1964) . As was indicated earlier, noisture conditions are the main factor for survival in such cases, temperature being of secondary importance. It is doubtful whether A. vulgare could survive under the conditions found at station 3 (Warburg, 1965) .
Hourly measurements of microclimatic factors are important to indicate in greater detail the deviations from the mean conditions that exist in a microenvironment. These deviations are rather greater than was previously assumed (Buxton, 1924 (Buxton, , 1955 ; even if small, they may be critical at times of ecological crises (Edney, 1953) . especially in xeric habitats.
The microclimate under a stone has a very similar pattern at all stations, almost regardless of the place where the stone lies. The climate there is uniform as compared with conditions outside, in that the ranges of both temperature and humidity are small. However, the measurements taken under stones should be compared with those obtained in other microhabitats at the same station. Thus at station 1 the temperature range was rather similar everywhere. On the other hand, the climate under the small stone at station 3 was hotter and drier as compared with stones at other stations (Table 1 What are the worst climatic conditions which these isopods may encounter in their natural habitats? At station 1 the conditions under the log provide a good example. The unfavorable extreimies recorded there were 40 C and 16% relative humidity, whereas the means were 32.6 C and 44.8% relative humidity. Siimilarly at station 2 extremes of 31 C and 45%c relative humidity, and means of 26.2 C and 61% relative humidity, were recorded under the same stone. At station 1 there was always a possibility to move out, away from the extreme conditions under cover to more favorable ones outside. Therefore, the mean rather than the extreme conditions seem to be more meaningful for the ecology of A. vulgare.
On the other hand, at station 3, where the extremes recorded under the small stone were 45 C and 15%c relative humidity, and the means 36.5 C and 39% relative humidity; these were still the best available conditions for V. arizonicus in that habitat. Therefore, the extreme should be considered as the more meaningful in that case (Figs. 4, 5) .
Other studies on the ecology of isopods froin mesic habitats, among them A. vulgare, were done by Den Boer (1961), Miller (1938) , Paris and Pitelka (1962) and Paris (1963) . In the habitat of A. vulgare in the Californian grassland, the highest temperature was 33.8 C, and the lowest humidity 21%o (Paris, 1963) . This habitat was especially rich in isopods; 500 specimens per square meter (Paris and Pitelka, 1962) . In other studies on the ecology of desert isopods more extreme conditions were found. Cloudsley- Thompson (1956) found the temperature on the ground in Tunisia to be 23 -42.5 C, and the relative humidity was 29 -46%, but it is not clear whether the porcellionid Hemilepistus reaumuri was actually observed walking on the ground at that temperature. Similar studies by Edney (1958) on the fringes of the Sahara in Algiers, report this isopod to be walking on the ground during the cooler hours only. The temperature on the ground was 25 -33 C, air temperature 21 -27 C, and the relative humidity 20%o. This typical desert porcellionid is known to shift its daily cycle during the year; in midsummer its main activity is in the early morning and in the evening (Bodenheimer, 1935: 381) .
From the present studies it is apparent that a so-called mesic habitat can have a macroclimate which will be quite different from the microclimates in the same area. On the other hand, in a xeric habitat even though the macroclimate will be generally drier and hotter than in a mesic habitat, the microclimates will be divergent, meaning that some humid and cool microclimates will be found as well. This important factor enables desert animals to exploit such conditions. 5-Ground, station 3.
The data presented here have shown a difference of 10 C between the wet ground and the dry ground in an open area among trees (Fig.  5) . On a bare desert soil, on the hottest day in Tucson, Arizona, Sinclair (1922) found no temperature gradient above the soil. The cover on the soil is of major significance for the climate near the ground (see discussion in Geiger, 1957; Thornthwaite, 1940) . Brunt (1945) , reports a drop of 6.5 F due to the effect of air trapped between the blades of grass and because of the evaporation from the grass. In general, the closer to the ground the more extreme the thermal radiation becomes (Geiger, 1957) . In deserts a temperature gradient of 24 C, from the surface (49 C) to the bottom of a hole 30 cm deep (25 C), is not unusual (Kashkarov and Korovine, 1942: 36) . Similar conditions have been reported from Palestine (Buxton, 1924) , and the Egyptian Desert (Williams, 1954) . As the present data have indicated, the conditions on the bare ground at station 3 were very similar to other typical xeric environments ( 
